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METHOD TO IMPROVE BORDERLESS 
METAL LINE PROCESS WINDOW FOR SUB 

MICRON DESIGNS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to methods used to fabricate 

semiconductor devices, and more speci?cally to a method 
used to form a borderless contact for a metal line structure 
overlying and contacting an underlying metal via structure. 

(2) Description of Prior Art 
The advent of micro-miniaturization, or the ability to 

fabricate semiconductor devices With sub-micron features, 
has alloWed the performance of semiconductor devices to be 
improved, While processing costs for semiconductor chips 
comprised With sub-micron features, has been reduced. The 
use of sub-micron features alloW decreases in performance 
degrading, parasitic junction capacitances to be realiZed, 
While a greater number of smaller semiconductor chips can 
be obtained from a speci?c siZe starting semiconductor 
substrate, thus reducing the processing cost for a speci?c 
semiconductor chip. The smaller semiconductor chips still 
provide device densities equal to, or greater than, counter 
part semiconductor chips, comprised With larger features. 

In addition to the use of sub-micron features speci?c 
design options, such as the use of borderless metal contact 
and line structures, have been used to reduce the siZe of 
semiconductor chips, thus again reducing the fabrication 
cost for a speci?c semiconductor chip. The borderless design 
alloWs for a non-fully landed metal structure to overlay and 
contact an underlying conductive region such as an under 
lying metal via, or metal interconnect structure. The luxury 
of not having to completely land on the underlying conduc 
tive region reduces the area of the underlying conductive 
region provided for contact by a subsequent overlying metal 
structure, thus alloWing reductions of semiconductor chip 
siZe to be achieved. HoWever the use of borderless designs 
can present problems When de?ning, via dry etching 
procedures, the overlying metal structure, speci?cally When 
a portion of the underlying metal structure is eXposed to the 
?nal cycle of the overlying metal structure de?nition 
procedure, either by design or by mis-alignment. The non 
selective de?nition, or dry etching procedure can result in 
unWanted removal of eXposed underlying metal, speci?cally 
during an over etch cycle used to insure complete removal 
of the metal used for the overlying metal line or structure. 

This invention Will describe a novel process sequence in 
Which the chance of eXposure of the underlying metal 
structure to the dry etch procedure used to de?ne a 
borderlsss, overlying metal structure, via mis-alignment or 
via intentional design ground rules, is reduced. This is 
accomplished by increasing the horiZontal dimensions of the 
overlying, partially de?ned metal structure via formation of 
insulator spacers on the sides of a partially de?ned overlying 
metal structure, prior to completion of the de?nition proce 
dure. The additional length or Width of the overlying, 
partially de?ned overlying metal structure, provided by the 
insulator spacers, can protect previously eXposed portions of 
the underlying metal structure from over etch cycles applied 
during the de?nition of the overlying metal structure. Prior 
art such as Hsu, in US. Pat. No. 6,077,770, describes a 
process of forming a damascene type, borderless metal 
interconnect structure, hoWever that prior art does not 
describe the novel procedure detailed in the present inven 
tion in Which insulator spacers are formed on a partially 
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2 
de?ned metal structure, than used as an etch mask to ?naliZe 
the de?nition of the borderless metal interconnect structure. 

SUMMARY OF THE INVENTION 

It is an object of this invention to de?ne an overlying 
metal structure on an underlying metal structure, Without 
eXposing the underlying metal structure to a dry etch pro 
cedure used to de?ne the overlying metal structure. 

It is another object of this invention to use a photoresist 
shape as an etch mask to de?ne a partially de?ned metal 
structure in an insulator layer and in a top portion of a metal 
layer. 

It is still another object of this invention to form spacers 
on the sides of the partially de?ned metal structure. 

It is still yet another object of this invention to complete 
the de?nition of the overlying metal structure using the hard 
mask, comprised of the insulator shape on the partially 
de?ned metal structure, and the spacers on the sides of the 
partially de?ned metal structure, as the de?ning mask for the 
?nal metal structure shape. 

In accordance With the present invention a method of 
de?ning an overlying metal structure on an underlying metal 
structure, With a reduced risk of exposing the underlying 
metal structure to the overlying metal structure de?nition 
process, via mis-alignment or intentional design, is 
described. After de?nition of an damascene type, underlying 
metal structure formed in an interlevel, or intermetal dielec 
tric layer, a metal layer and an overlying, thin insulator layer 
are deposited. Aphotoresist shape is used as a mask to alloW 
a dry etch procedure to de?ne a shape in the thin insulator 
layer, and in a top portion of the metal layer. After removal 
of the photoresist shape, insulator spacers are formed on the 
eXposed sides of the partially de?ned metal shape. The 
partially de?ned metal shape, overlaid With the thin insulator 
layer, and comprised With insulator spacers, are then used as 
an etch mask to complete the de?nition of a metal structure, 
Which overlays, and contacts the underlying metal structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object and other advantages of this invention are best 
described in the preferred embodiments With reference to the 
attached draWings that include: 

FIGS. 1—6, Which schematically, in cross-sectional style, 
detail key stages of fabrication used to de?ne an overlying 
metal structure on an underlying metal structure, With a 
reduced risk of eXposure of the underlying metal structure to 
the procedure used to de?ne the overlying metal structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The process used to de?ne an overlying metal structure on 
an underlying metal structure, With a reduced risk of eXpo 
sure of the underlying metal structure to the procedure used 
to de?ne the overlying metal structure, Will noW be 
described in detail. Conductive region 1, comprised of an 
underlying metal interconnect structure, or an active device 
region such as a source/drain region in a semiconductor 
substrate, is provided and schematically shoWn in FIG. 1. 
Interlevel dielectric (ILD), layer 2, comprised of silicon 
oXide or boro-phosphosilicate glass (BPSG), is formed on 
conductive region 1, via loW pressure chemical vapor depo 
sition (LPCVD), or via plasma enhanced chemical vapor 
deposition (PECVD), procedures, at a thickness betWeen 
about 4,000 to 10,000 Angstroms. If desired a planariZation 
procedure comprised of a chemical mechanical polishing 
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(CMP), process can be used to create a smooth top surface 
topography for ILD layer 2. Photolithographic and reactive 
ion etching (RIE), procedures, using CHF3 as an etchant, are 
used to de?ne opening 3, in ILD layer 2, exposing a portion 
of the top surface of conductive region 1. Opening 3, is 
comprised With a diameter betWeen about 0.2 to 1.2 um. 
After removal of the photoresist shape used for de?nition of 
opening 3, a metal layer such as aluminum, aluminum 
copper, copper, or tungsten, is deposited via plasma vapor 
deposition (PVD), or via chemical vapor deposition (CVD), 
procedures, to a thickness betWeen about 5,000 to 10,000 
Angstroms, completely ?lling opening 3. UnWanted por 
tions of the metal layer, residing on the top surface of ILD 
layer 2, are removed via CMP or via a selective RIE 
procedure using C12 as an etchant, resulting in metal plug 
structure 4, located in opening 3. Adhesive metal layer 5, 
comprised of a metal such as titanium layer, is next depos 
ited via PVD procedures at a thickness betWeen about 500 
to 2,000 Angstroms, overlying and contacting the top sur 
face of metal plug structure 4. Adhesive metal layer 5, Will 
alloW improved adhesion of a subsequent overlying metal 
line structure to underlying metal plug structure 4, to be 
realiZed. The result of these procedures is schematically 
shoWn in FIG. 1. 

Metal layer 6a, comprised of either aluminum, aluminum 
copper, copper, or tungsten, is next deposited via PVD 
procedures at a thickness betWeen about 5,500 to 6,500 
Angstroms, folloWed by the deposition of silicon oxide layer 
7, via PECVD procedures, to a thickness betWeen about 
1,500 to 2,500 Angstroms. This is schematically shoWn in 
FIG. 2. De?nition of an overlying metal line or metal via 
structure formed from metal layer 6a, is next addressed, With 
the subsequent, overlying metal structure being a borderless 
structure, or a structure that does not have to be fully landed 
on underlying metal plug structure 4. The design needed to 
insure a subsequent, fully landed overlying metal structure, 
Would entail either a larger diameter, underlying metal plug 
structure or a narroWer overlying metal line, or for the case 
in Which the diameter of the metal plug structure and Width 
of the overlying metal line are equal, perfect alignment 
Would be required. Since increasing the diameter of the 
metal plug structure deleteriously impacts device density, 
and the narroWer of the overlying metal line deleteriously 
impacts performance by increasing metal line resistance, 
and perfect alignment can not be guaranteed, a borderless, or 
non-fully landed, overlying metal line or structure is used. 

The procedure used to form a borderless metal line, With 
spacers formed on the sides of the metal line, reducing the 
risk of etching exposed portions of underlying metal plug 
structure 4, during de?nition of the metal line structure, is 
noW initiated With the formation of photoresist shape 8, on 
the top surface of silicon oxide layer 7. The diameter or 
Width of photoresist shape 8, shoWn schematically in FIG. 3, 
is betWeen about 0.2 to 1.2 um, and thus if perfect alignment 
of photoresist shape to underlying metal plug structure 4, is 
not obtained, the process becomes a borderless process, 
Where the de?nition of the overlying metal line structure can 
result in removal of exposed regions of metal plug structure 
4, during an over etch cycle used at the conclusion of the 
de?nition procedure for the overlying metal line structure. 
A ?rst anisotropic RIE procedure is noW employed, using 

CHF3 as an etchant to remove portions of silicon oxide layer 
7, not protected by photoresist shape 8. At the appearance of 
the top surface of metal layer 6a, the etch chemistry of the 
?rst anisotropic RIE procedure is changed to a Cl2 or SF6 
chemistry, resulting in the removal of a top portion of metal 
layer 6a. BetWeen about 2,000 to 3,000 Angstroms of a top 
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4 
portion of metal layer 6a, not protected by photoresist shape 
8, is removed resulting in partially de?ned metal line struc 
ture 6b, schematically shoWn in FIG. 4. After removal of the 
top portion of exposed metal layer 6a, photoresist shape is 
removed via plasma oxygen ashing procedures. 
The example shoWn in FIG. 4, shoWs non-perfect align 

ment of photoresist 8, to metal plug structure 4, so if the 
de?nition process Were noW continued though titanium layer 
5, portions of metal plug structure 4, Would be exposed to 
the overlying metal line structure de?nition procedure. To 
reduce the chance of this exposure, due to non-perfect 
alignment, With the use of the borderless metal line structure 
design, insulator spacers 9, are formed on the sides of 
partially etched metal line structure 6b, increasing the Width 
of the partially etched metal line structure. This is accom 
plished via deposition of an insulator layer such as silicon 
oxide, via LPCVD or PECVD procedures, at a thickness 
betWeen about 350 to 450 Angstroms, using tetraethylortho 
silicate (TEOS) as a source. If desired the insulator layer can 
be comprised of silicon nitride. A second anisotropic RIE 
procedure, using CHF3 as an etchant for silicon oxide, is 
used to selectively form insulator spacers 9, on the sides of 
the partially etched metal line structure 6b. The Width of 
partially etched metal line structure 6b, has noW been 
increased by betWeen about 700 to 900 Angstroms. An over 
etch cycle used to unsure complete removal of the insulator 
layer from the horiZontal surfaces of partially etched metal 
line structure 6b, reduces the thickness of insulator 7, 
located on the unetched portion of partially etched metal line 
structure 6b, to betWeen about 1,000 to 1,500 Angstroms. 
This is schematically shoWn in FIG. 5. The increased 
dimension, or Width of partially etched metal line structure 
6b, Will reduce the risk of exposure of underlying metal plug 
structure 4, during the ?nal de?nition procedure of the 
overlying metal line structure, When a hard mask comprised 
of partially etched metal line structure 6b, overlaid With 
silicon oxide layer 7, is to be used as an etch mask during 
the ?nal de?nition procedure. 
A third anisotropic RIE procedure, again using Cl2 as an 

etchant, is used to selectively remove the bottom portions of 
partially etched metal line structure 6b, and to selectively 
remove the exposed portions of titanium layer 5, not pro 
tected by the hard mask comprised of partially etched metal 
line structure 6b, overlaid With silicon oxide layer 7, and 
comprised With insulator spacers 9, resulting in ?nal metal 
line structure 6c. This is schematically shoWn in FIG. 6. The 
selective RIE procedure is terminated at the appearance of 
the top surface of ILD layer 2. The additional Width of ?nal 
metal line structure 6c, provided by insulator spacers 9, 
alloWed non-perfect alignment, or mis-alignment of ?nal 
metal line structure 6c, to underlying metal plug structure 4, 
to be tolerated Without etching of exposed regions of under 
lying metal plug structure 4. Therefore the additional Width 
of ?nal metal line structure 6c, alloWed an needed over etch 
cycle to be employed at the conclusion of the ?nal metal line 
structure de?nition procedure, insuring complete removal of 
metal layer 6a, and titanium layer 7, even in areas Where 
thicker layers may have been present. 
While this invention has been particularly shoWn and 

described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of this invention. 
What is claimed is: 
1. A method of forming a second metal structure, over 

lying and contacting an underlying ?rst metal structure, 
comprising the steps of: 
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forming an opening in an interlevel dielectric (ILD) layer; 
forming said ?rst metal structure in said opening in said 
ILD layer; 

depositing a ?rst metal layer, to be used as an adhesive 
metal layer; 

depositing a second metal layer; 
depositing an insulator layer; 
forming a photoresist shape on said insulator layer, With 

said photoresist shape overlying a portion of 
underlying, said ?rst metal structure; 

performing a ?rst dry etch procedure to remove a region 
of said insulator layer, and to remove a top portion of 
said second metal, not covered by said photoresist 
shape, creating a partially etched metal structure com 
prised With an overlying portion of unetched insulator 
layer; 

removing said photoresist shape; 
forming insulator spacers on sides of partially etched 

metal structure, resulting in a Wider partially etched 
metal structure; and 

using said Wider partially etched metal structure as an etch 
mask, performing a second dry etch procedure remov 
ing an exposed bottom portion of said second metal 
layer, and removing an exposed portion of said ?rst 
metal layer, resulting in de?nition of said second metal 
structure, With said second metal structure completely 
covering underlying, said ?rst metal structure. 

2. The method of claim 1, Wherein said interlevel dielec 
tric (ILD) layer is a silicon oxide, or boro-phosphosilicate 
glass (BPSG) layer, obtained via LPCVD or PECVD pro 
cedures at a thickness between about 4,000 to 10,000 
Angstroms. 

3. The method of claim 1, Wherein said opening, in said 
ILD layer, is comprised With a diameter betWeen about 0.2 
to 1.2 um. 

4. The method of claim 1, Wherein said ?rst metal 
structure is a metal plug structure, comprised of a metal 
chosen from a group containing aluminum, aluminum 
copper, copper, or tungsten. 

5. The method of claim 1, Wherein said ?rst metal layer, 
used as said adhesive metal layer, is a titanium layer, 
obtained via plasma vapor deposition (PVD) procedures at 
a thickness betWeen about 500 to 2,000 Angstroms. 

6. The method of claim 1, Wherein said second metal layer 
is chosen from a group containing aluminum, aluminum 
copper, copper, or tungsten, obtained via PVD procedures at 
a thickness betWeen about 5,500 to 6,500 Angstroms. 

7. The method of claim 1, Wherein said insulator layer is 
a silicon oxide layer obtained via PECVD procedures at a 
thickness betWeen about 1,500 to 2,500 Angstroms, using 
tetraethylorthosilicate (TEOS) as a source. 

8. The method of claim 1, Wherein said photoresist shape 
is comprised With a Width betWeen about 0.2 to 1.2 um. 

9. The method of claim 1, Wherein said ?rst dry etch 
procedure, used to form said partially etched metal structure, 
is performed using an anisotropic RIE procedure, employing 
CHF3 as an etchant for said insulator layer, and using Cl2 or 
SF6 as an etchant for said top portion of said second metal 
layer. 

10. The method of claim 1, Wherein the thickness of said 
top portion of said second metal layer removed during said 
?rst dry etch procedure is betWeen about 2,000 to 3,000 
Angstroms. 

11. The method of claim 1, Wherein said insulator spacers 
are silicon oxide spacers, formed at a thickness betWeen 
about 350 to 450 Angstroms, via deposition of a silicon 
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6 
oxide layer, using LPCVD or PECVD procedures, than 
de?ned via a selective, anisotropic RIE procedure, using 
CHF3 as an etchant for silicon oxide. 

12. The method of claim 1, Wherein said Wider partially 
etched metal structure is betWeen about 700 to 900 Ang 
stroms Wider than the Width of said partially etched metal 
structure. 

13. The method of claim 1, Wherein said second dry etch 
procedure used to de?ne said second metal structure, is an 
anisotropic RIE procedure using Cl2 or SF6 as an etchant for 
said bottom portion of said second metal layer and for said 
?rst metal layer. 

14. A method of forming a metal line structure featuring 
insulator spacers formed on a top portion of a partially 
de?ned metal line structure, used to reduce the risk of 
exposing an underlying metal plug structure to ?nal stages 
of a dry etch procedure used to de?ne said metal line 
structure, comprising the steps of: 

providing a conductive region; 
forming an ILD layer on said conductive region; 
forming an opening in said ILD layer exposing a portion 

of top surface of said conductive region; 
depositing a ?rst metal layer; 
removing a portion of said ?rst metal layer from top 

surface of said ILD layer resulting in formation of said 
metal plug structure in said opening; 

depositing a titanium layer; 
depositing a second metal layer; 
depositing a silicon oxide layer; 
forming a photoresist shape on said silicon oxide layer, 

With said photoresist shape overlying a portion of, or all 
of underlying, said metal plug structure; 

performing a ?rst anisotropic reactive ion etch (RIE) 
procedure to remove the region of said silicon oxide 
layer and to remove of a top portion of a region of said 
second metal, not covered by said photoresist shape, 
creating a partially etched metal line structure, com 
prised With an overlying, etched silicon oxide shape; 

depositing an insulator layer; 
performing a second anisotropic RIE procedure to form 

said insulator spacers on sides of said partially etched 
metal line structure, resulting in a Wider partially 
etched metal line structure; and 

performing a third anisotropic RIE procedure, using said 
Wider partially etched metal line structure as an etch 
mask, to remove an uncovered bottom portion of said 
second metal layer, and to remove an uncovered por 
tion of said titanium layer, resulting in de?nition of said 
second metal line structure, With said second metal line 
structure completely covering underlying, said metal 
plug structure. 

15. The method of claim 14, Wherein said conductive 
region is an underlying metal structure, or an active device 
region in a semiconductor substrate, such as a heavily doped 
source/drain region. 

16. The method of claim 14, Wherein said ILD layer is a 
silicon oxide, or boro-phosphosilicate glass (BPSG) layer, 
obtained via LPCVD or PECVD procedures at a thickness 
betWeen about 4,000 to 10,000 Angstroms. 

17. The method of claim 14, Wherein said opening, in said 
ILD layer, is comprised With a diameter betWeen about 0.2 
to 1.2 um. 

18. The method of claim 14, Wherein said metal plug 
structure, located in said opening in said ILD layer, is 
comprised With a metal chosen from a group containing 
aluminum, aluminum-copper, copper, or tungsten. 
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19. The method of claim 14, wherein said titanium layer 
is obtained via plasma vapor deposition (PVD) procedures at 
a thickness betWeen about 500 to 2,000 Angstroms. 

20. The method of claim 14, Wherein said second metal 
layer is chosen from a group containing aluminum, 
aluminum-copper, copper, or tungsten, obtained via PVD 
procedures at a thickness betWeen about 5,500 to 6,500 
Angstroms. 

21. The method of claim 14, Wherein said silicon oXide 
layer is obtained via PECVD procedures at a thickness 
betWeen about 1,500 to 2,500 Angstroms, using tetraethy 
lorthosilicate (TEOS) as a source. 

22. The method of claim 14, Wherein said photoresist 
shape is comprised With a Width betWeen about 0.2 to 1.2 
um. 

23. The method of claim 14, Wherein said ?rst anisotropic 
RIE procedure, used to form said partially etched metal line 
structure, is performed using CHF3 as an etchant for said 
silicon oXide layer, and using Cl2 or SF6 as an etchant for 
said top portion of said second metal layer. 
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24. The method of claim 14, Wherein the thickness of said 

top portion of said second metal layer removed during said 
?rst anisotropic RIE procedure is betWeen about 2,000 to 
3,000 Angstroms. 

25. The method of claim 14, Wherein said insulator layer 
is a silicon oXide layer, obtained via PECVD procedures at 
a thickness betWeen about 350 to 450 Angstroms, using 
TEOS as a source. 

26. The method of claim 14, Wherein said insulator 
spacers are de?ned using said second anisotropic RIE 
procedure, employing CHF3 as an etchant for silicon oXide. 

27. The method of claim 14, Wherein said third anisotro 
pic RIE procedure, used to de?ne said metal line structure, 
is performed using Cl2 or SF6 as an etchant for said bottom 
portion of said second metal layer and for said titanium 
layer. 


